Abstract
data. Thus, delineating thin reservoir sands from conventional seismic data had always been a challenge. Recent 48 innovations such as coherence technology (Marfurt et al., 1998 ) and other edge sensitive attributes (Luo et al., 49 1996) are common methods employed in mapping boundaries of these geological subtle targets (channels).
50
Although coherence images and edge sensitive attributes reveal channels edges, a key limitation in these 51 techniques is that they cannot delineate the channel's thickness (Chopra and Murfurt, 2006).
52
Spectral decomposition is a recent seismic interpretation technology that reveals otherwise hidden 53 geological information and thus is being used extensively as an excellent tool for mapping channels (Partyka et 54 al., 1999) . In spectral decomposition, reflection from a thin bed has a peculiar expression in the frequency 
72
Although these studies and others provide very rich literature on various aspects of the dataset, studies on 73 prediction of the infill lithology of fluvio-deltaic channels particularly in the shallow (younger) sediments 74 distinguishing channels filled with sand from those filled with shale are lacking. In this study, we have used 75 attribute-assisted interpretation workflow to study the shallow channel geometry and infill lithology. We have 76 applied FFT and CWT methods of spectral decomposition and seismic attributes (coherence and curvature) to a 77 3D seismic data set acquired in the upper Cenozoic fluvio-deltaic system in the block F3 in the North Sea basin 78 to delineate shallow thin channel geometry and distinguish between intrachannel shale versus sand lithologies.
79
The intrachannel lithologies predicted using the seismic attributes were validated using well logs available in the Nonlin. Processes Geophys. Discuss., https://doi.org/10.5194/npg-2017-62 Manuscript under review for journal Nonlin. Processes Geophys. Discussion started: 27 October 2017 c Author(s) 2017. CC BY 4.0 License.
Pliocene interval that are underlain by salt domes.
116
The Cenozoic succession consists of two main packages, separated by the Mid-Miocene Unconformity
117
(Steeghs et al., 2000) (Fig. 1) . The lower package consists predominantly of relative fine-grained gradational
118
Paleogene sediments (Steeghs et al., 2000) , while the package above the unconformity is largely a 119 progradational deltaic sequence that are made up of coarse Neogene sediments. The package above the 120 unconformity can be subdivided into three sequences (Units 1, 2, and 3) corresponding to three phases of delta 121 evolution (Fig. 1) . Generally, in this package, conspicuous large-scale sigmoidal bedding pattern, downlap, 122 toplap, onlap and truncation structures are observed. The base of Unit 2 is the zone of interest for this study.
123
Unit 2 is the delta foreset with a coarsening upward sequence (Tetyukhina et al., 2010 ) and the age of this unit is 124 estimated to be Early Pliocene. 
141
The thin-bed tuning effect is the reason for the application of spectral decomposition method on a seismic 142 data. The thin-bed tuning effect occurs when reflections from top and down layers have a constructive 143 interference. In this instance, the peak amplitude response will occur at ¼ wavelength of the dominant period 144 and layer thickness less than this value will not be detected in the seismic section (Saadatinejad et al., 2011 (Fig. 3) . analysing seismic data (a non-stationary signal), whose frequency content is not constant but varies with time.
170
By taking short segments of the signal which are considered stationary parts (i.e windowing the signal) and then 
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The wavelet transform consists of wavelets which are functions defined as 
196
 increases, the wavelet is compressed, its spectrum dilates and the peak frequency shifts to a higher value.
197
Conversely, as the wavelet is scaled such that it dilates, the value of  decreases, its spectrum is compressed Since this study is aimed at delineating channels and to distinguish between sand-fill from shale-fill 242 channel system in the study area, time slices of the 3D seismic volume was carried out between 1000 ms and 243 1055 ms, and the geological features in each time slice was analysed. In time slice 1007 ms (Fig. 4a) , a channel 244 like feature having a NNE-SSW pattern was observed, and extended towards the southern part in time slices 245 1028, 1037 and 1055 ms respectively (Fig. 4c, d and d) . At time slice 1055ms, only a small part of the feature 246 was observed and become indiscernible in time slice 1064 ms (Fig. 4d) . From the above, it implies that a 247 channel system existed between 1007 and 1055 ms which shows maximum prominence at 1028 and 1036 ms.
248
Based on this, the horizon shown in red was picked for analysis ( Fig. 5A and B) .
249
We also analysed the amplitude spectrum of the data (Fig. 5C ). We define three dominant frequencies from 250 the amplitude spectrum for RGB multi-colour display. The three frequencies were chosen such that they In using the CWT technique for spectral decomposition, the choice of the wavelet is important as it affects (Fig. 6) , the Gaussian wavelet resolution of the channel features is slightly superior to that of the
286
Mexican-Hat wavelet. Hence the Gaussian wavelet was chosen as the ideal mother wavelet for this data. In 287 carrying out the spectral decomposition, we applied the low, middle and high frequencies on both the FFT and 288 CWT (Fig. 7) . In the spectral images shown in Fig. 7 , we observed that some parts of the channel are resolved better at low 295 frequency, some at mid frequency and others at higher frequency. However, at 42 Hz frequency, a clearer image 296 of the channel is observed. This frequency at which the channel geometry is clearly pronounced is the tuning 297 frequency. Since different parts of the channel features are resolved at different frequencies, it was considered 298 that the channel geometry can be obtained in its complete form when the different frequencies are stacked 299 together. Thus, a stacked frequency volume was obtained by summing up the 28Hz frequency (low frequency), 300 42Hz frequency (mid frequency) and 60 Hz frequency (high frequency) volumes (Fig. 8A) . We used RGB 301 colour-blending technique to display the multiple spectral components in a single 'full colour' image. Figure 8B 302 displays RGB colour blending of the frequencies 28 Hz (red), 42 Hz (green) and 60 Hz (blue). In addition to
303
FFT and CWT, we also generated coherence attribute image. The coherence attribute also known as similarity is is, the curvature anomalies correlate to the channel geometry delineated in the coherence image and one can 407 trace the channel geometry further on the most-negative curvature image even though the coherence channel 408 edge anomalies become diffuse or disappear towards the North. Figure 11B shows co-rendered most-positive
409
(red) and most-negative curvature (blue). Fig. 11 shows a strong negative curvature anomaly along its axis 
